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X-ray Transmission Phase Plate

Keiichi HIRANO
Institute of Materials Structure Science, High Energy Accelerator Research Organization

Recent advances in synchrotron-radiation research have led to an increased interest in the creation of vari-
ous states of x radiation emitted from storage rings. In particular, recent studies of x-ray magnetlc scatter-
ing and absorption have enhanced the request for circularly polarized xrays. To meet this request, three ap-
proaches have been taken. One is to use off-plane synchrotron radiation which is elliptically polarized as it
is. A second approach is to design polarization-tunable insertion devices such as elliptical multlpole wiggler

and asymmetric wiggler. A third approach is to transform linear polanzatlon of synchrotron’ radlatlon o
arbitrary polarization by means of x-ray phase plates. Among these, the third approach is the most promls-' .

* ing because it can produce well-defined polarization with high efficiency.
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X-ray phase plates have been realized by utilizing dynamical diffraction, where the wave vectors for g
and 7 polarization states differ slightly inside the crystal due to the dlspersmn relation. To date, x-ray reflec-
tion phase plates which utilize the diffracted x rays by a crystal have been mainly studied. However, this
kind of phase plates was not practical because the efficiency of polarization transformation was considera-
bly low and control of polarization was difficult. To overcome these disadvantages we have developed X-ray
transmission phase plates which utilize transmitted x rays by a crystal. In this article, the principle of the x-
ray transmission phase plate is described and applications to x-ray magnetic circular dichroism (XMCD)
and non-resonant x-ray magnetic diffraction are reported.
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Figure 1. Polarization of light. (a) Right-handed circular polariza-
tion, (b) left-handed circular polarization and (c) linear polariza-
tion.
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Figure 2. Calculated (a) transmittances of o (solid lined) and =

(dashed line) polarizations and (b) phase shift. Calculations were
made for the transmitted x rays associated with the Bragg 220
diffraction at the Si(110) wafer of 50 um thickness. Incident beam
energy is 10 keV.
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Figure 3. Calculated (a) transmittances of o (solid lined) and 7
(dashed line) polarizations and (b) phase shift. Calculations were
made for the transmitted x rays associated with the Bragg 220
diffraction at the diamond (110) crystal of 1 mm thickness. Incident
beam energy is 10 keV.
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Figure 4. Polarization-tunable x-ray optics for synchrotron radia-
tion. Incident beam is monochromated by a double-crystal
monochromator and its polarization is transformed by a transmis-
sion phase plate.
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Experimental setup for measurement of XMCD spectra. Incident beam is monochromated by a double-crys-

tal monochromator and transformed to circular polarization by a transmission phase plate. The monochromatic and cir-
cularly polarized x rays are incident upon a sample magnetized by an electromagnet. The intensities of the beam in front
of and behind the sample are measured by ionization chambers.
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Figure 6. XMCD (solid line) and XANES (dashed line) spectra
at the Pt L;-edge in the disordered 37.1 at% Fe-Pt alloy.
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Figure 7. Offset-angle (4¢) dependence of the XMCD signal.
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diffraction.

Schematic diagram of the non-resonant x-ray magnetic
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Figure 9. Experimental setup of non-resonant x-ray magnetic diffraction. Incident beam is monochromated by a dou-
ble-crystal monochromator and its polarization is transformed by a transmission phase plate. The monochromatic and
polarized x rays are incident upon a sample magnetized by an electromagnet. The diffracted beam intensity is measured

by an intrinsic germanium solid-state detector.



244
(a)
ar I 410
2r _
o?\ L
= 0 40 &
o B
ol ; .
I 1-10
—4r AN NN SN M AR NS NN N |
-4 -2 0 2 4
Ad (10%sec)
(b) ]
2r - 50
o~ 1 B i
& L
= 0 40 &
T L
—1F -
—oL -1-50
L { 1 | L I

A6 (10%sec)

Figure 10. Flipping ratio (R) and the polarization factor (f,) of
the Fe 220 reflection. The double-crystal monochromator was fixed
at an angle which gives (a) the 111 Bragg diffraction (63=13.2%)
and (b) the 333 Bragg diffraction (#3=43.3"). The open circles
show observation and the solid line shows calculation.
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